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II. An Account of feme Experiments fliown before 
the Roy ai Society ; unth an enquiry into the 
caufe of the jfeent and Su [pen (ion of Water in 
Capillary Tubes. IBy James JurIn, M.D. and 
R. Soc. S. 

S Ome Days ago a Method was propofed to me by 
an ingenious Friend, for making a perpetual Mo¬ 
tion, which leern’d fo plaufibie, and indeed fo eafiiy 
demonllrablefrom an Observation of the late Mr. Hawks- 
lee, laid to be grounded upon Experiment, that, tho’ 
1 am far from having any Opinion of attempts of this 
Nature, yet, 1 confels, 1 could not fee why it (hould 
not fueceed. Upon trya! indeed I found my felf dilap- 
pointed. But as fearches after things impofifible in 
themlelves are frequently obferv’d to produce other 
difeoveries unexpe&ed by the Inventer; fo this Pro- 
pofal has given occafion not only to redfify fome mi¬ 
ll a kes into which we had been led, by that ingenious 
and ufeful Member of the Royal Society above named, 
but likewife to deted: the real Principle, by which 
Water is rais’d and fufpended in Capillary Tubes, 
above the Level. 

A-'y Friend’s Props fa! was as follows. 

Fig !. LecJ^Cbea capillary Siphon, compos’d 
of two Legs A B, B C, unequal both in length and 
Diameter $ whole longer and narrower Leg AB ha¬ 
ving its orifice A immerfb in Water, the Water will 
rife above the Level, till it fills the whole Tube A B , 
and will then continue fufpended. if the wider and 
fhortcr Leg B C, be in like manner immcrftj the Water 
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will only rife to fome height as FC, lefs than tbs entire 
height of the Tube B C. 

This Siphon being fill’d with Water, and the Orifice 
A funk below the Surface of the Water D E, my Friend 
reafons thus. 

Since the two Columns of Water AB and FC, by 
the Suppofition, will be fufpended by fome Power a fling 
within the Tubes they are contain’d in, they cannot de¬ 
termine the Water to move one way, or the ocher. But 
the Column B F, having nothing to fupport it. mull 
defcend, and caufe the Water to run out at C. Then 
the preflure of the Atmofphere driving the Water up¬ 
ward through the Orifice A, to fupply the Vacuity, 
which would otherwife be left in the upper part of the 
Tube B C, this mud neceffarily produce a perpetual 
Motion, fince the Water runs into the fame Veflel, 
out of which it rifes. But the Fallacy of this reafoning 
appears upon making the Experiment. 

Exp. i. For the W’ater, inftead of running out at 
the Orifice C, rifes upward towards F, and running all 
out of the Leg B C, remains fufpended in the other 
Leg to the height A B . 

Exp.z. The fame thing fucceeds upon taking the 
Siphon out of the Water, into which its lower Orifice 
A had been immerft. the Water then falling in drops 
out of the Orifice A, and (landing at laft at the height 
AB. But in making thefe two Experiments it is nc- 
cefiary that A G the difference of the Legs exceed FC, 
otherwife the Water will not run either way. 

Exp. 3. Upon inverting the Siphon fuilof Water, it 
continues without Motion either way. 

The reafon of all which will plainly appear, when 
we come to difeover the Principle, by which the Water 
is fufpended in Capillary Tubes. 

Mr. 



( 74 l ) 

Mr. Flawkslee 's Obfervation is as follows. 

Fig. z. Let ABF C be a capillary Siphon, into 
the which the Water will rile above the Level to the 
height CF, and let BA be the depth of the Orifice 
of its longer Leg below the Surface of the Water D E. 
Then the Siphon being fill’d with Water, if B A be not 
greater than C F, the Water will not run out at A, but 
will remain fufpended. 

This feems indeed very plaufible at firft fight. For 
fines the Column of Water F C will be fufpended by 
fome power within the ;Tube, why fliou'd not the Co¬ 
lumn B A, being equal to, or lefs than the former, 
continue fufpended by the fame Power ? 

Exp. 4. In fadt, if the orifice C be lifted up out of 
the Water D E, the Water in the Tube will continue 
fufpended, unlefs B A exceed FC. 

Exp. <y. But when C is never fo little immerfl: in the 
Water, immediately the Water in the Tube runs out in 
drops at the Orifice A , tho’. the length AB be confide- 
ra.bly lefs than the height C F. 

Mr. Hanksbee in his Book of Experiments has advan¬ 
ced another Obfervation, namely, that the Ihorter Leg 
of a Capillary Siphon, as AB FC, mull be immerfl in 
the Water to the depth FC, which is equal to the height 
of the Column, that would be fufpended in it, before 
the Water will run out at the longer Leg. 

Exp. 6 . from what miftake this has proceeded, I 
cannot imagine; for the Water runs out at the longer 
Leg, as foon as the Orifice of the fhorter leg comes 
to touch the Surface of the flagnant Water, without 
being at all immerfl therein. 

Having proceeded thus far in obedience to the com¬ 
mands of this Hluftrious Society, I beg leave to go a 
little farther, and to enquire into tbecaufe of the aieent 
and fufpenfion of Water in capillary Tubes. 
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That this Phenomenon is no way owing to the 
preflure of the Atmofphere, has been, I think lufficient- 
ly prov’d by Mr. Havksbee s Experiments* 

And that the caufe aflign'd by the fame ingenious 
and inquifuive Per foil, namely the attradion of the 
concave Surface, in which the fufpendcd Liquor is con¬ 
tain’d, is likewife inftifficienc for producing this died, 
1 thus demonflrate. 

Since in every capillary Tube rhe height, to which 
the Water will fpontaneoufly afcend, is reciprocally as 
the Diameter of the Tube, it follows; that the Surface 
containing the fufpendcd Water in every Tube is al¬ 
ways a given Quantity : but the Column of Water fuf- 
pended is, as the Diameter of the Tube. Therefore, 
if the attradion of the containing Surface be the caufe 
of the Waters fufpenficn ; it will follow, that equal 
eaufes produce unequal effeds, which is abfurd. 

To this it may perhaps be objeded, that, in two 
Tubes of unequal Diameters, the circumfiances are di¬ 
fferent, and therefore the two C'aufes, tho’ they be equal 
in themfelves, may produce effeds that are unequal. 
For the Idler Tube has not only a greater Curvature, 
but thofe parts of the Water, which lie in the middle of 
the Tube, are nearer to the attrading Surface, than in 
the wider. But from this if any thing follows, it mutt 
be, that the narrower Tube will fufpend the greater 
quantity of Water> which is contrary to Experiment. 
For the Columns fufpended are as the Diameters of 
the Tubes. 

Bat as Experiments are generally more fatisfadory 
in things of this nature, than Mathematical reafonirigs, 
it may not be amifs to make nfe of the following, 
which appear to me to contain an Experimentum Cru- 
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Fig. 3; The Tube CD is compofed of two Farts/ in 
the wider of which the Water will rife fpontaneoufiy 
to the height B F, but the narrower Part, if it were of 
a fufheient length, would raife the Water to a height 
equal to C D 

Exp. 7. This Tube being fill’d with Water, and the 
wider end C immerft in the flagnant Water A B, the 
whole continues fufpended. 

Exp. 8. Fig. 4. The narrower end being immerft, 
the Water Immediately fubftdes, and (lands at laft at 
the height D G equal to B F. 

From which it is manifeft, that the fufpenfion of the 
Water in the former of theie Experiments is not owing 
to the attraction of the containing Surface: (ince, if 
that were true, this Surface being the fame, when the 
Tube is inverted, would fufpend the Water at the fame 
height. 

Having-(hown the infulficiency of this Bypothefis, 
I come now to the real caufe of that Phenomenon, 
which is the attraction of the Periphery, or Section of 
the Surface of the Tube, to which the upper Surface of 
the Water is contiguous and coheres. 

For this is the only part of the Tube, from which the 
Water mud recede upon its fubfiding, and eonfequendy 
the only one, which by the force of its cohefion, or at¬ 
traction, oppofes the defeent of the Water. 

This likewife is a caufe proportional to the effect 1 , 
which it produces; fince that Periphery, and the Co 
lumn fufpended, are both in the fame proportion as the 
Diameter of the Tube. 

Tho’ from either of theie particulars it were eafy to 
draw a juft Demonftration, yet to put the matter out of 
all doubt, it may be proper to confirm this affertion, 
as- we have done the former, by a&ual Experiment. 

Fig* 
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Fig. 5. Let there-cre EDC be a Tube, like 
that mace ufe of ir the 7th and 8th Experiments, ex¬ 
cept that the narrower Part is of a greater length ; and 
let A F and B G he the heights, to which the Water 
would fpentaneoufiy rife in the two Tubes E D and DC. 

Exp. g. If this Tube have its wider Orifice C irn- 
meru into the VVater A E, and be fill’d to any height 
lefs than the length of the wider Part, the Water will 
immediately fubfuieto a Level with the point G; but if 
the Surface of the contain’d Water enter never fo little 
within the fmaller Tube E D, the whole Column D C 
will be fufpended, provided the length of that Column 
do not exceed the height A F. 

In this Experiment it is plain that there is nothing 
to fuffain the Water at fo great a height, except the 
contact of the Periphery of the lefi’cr 7 ube, to which 
the upper Surface of the Water is contiguous. For the 
Tube D C, by the S'uppofition, is not able to fupporc the 
Water at a greater height than BG . 

Exp. 10 Fig. 6. When the fame Tube is inverted, 
and the Water is rais'd into the lower extremity of the 
wider Tube CD it immediately finks, if the length of 
the fufpended Column D H be greater than G B ; where¬ 
as in the Tube D E it would be fufpended to the height 
AF From which it manifeftly appears, that the fuf- 
penfion of the Column DH does not depend upon the 
attraction of the Tube D£, but upon the Periphery of 
the wider Tube, with which its upper Surface is in 
contact. 

For the fake of thofe, who are pleas’d with feeing the 
fame thing lucceed in different manners, we fuhjoin the 
two following Experiments, which are in fubffance the 
fame with the 9th and loth. 

Fig. 7. A B C is a Siphon, in whole narrower, and 
fhorter Leg A B, if it were of a fufficienc length, might 
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be fufpended a Column of Water of the height £ F: b%r 
the longer and wider Leg B C will fufpend no more 
than a Column of the length G H. 

Exp. 11. This Siphon being fill’d with Water, and 
held in the fame Pofition as in the Figure, the Water 
will not run out at Cthe Orifice of the longer Leg, un» 
lefsD C, the difference of the Legs A B and t C, exceed 
the length E F. 

Fig 8, Exp. 12, If the narrower Leg SC be long¬ 
er than A B, the Water will tun out at C, if DC the 
difference of the Legs exceed EF; otherwife it will 
remain fufpended. 

In thefe two Experiments it is plain, that the Columns 
D C are fufpended by the attraction of the Peripheries at 
A, fince their lengths are equal to E F, or to the length of 
the Column, which by the fuppofition thofc Peripheries 
are able to fupport; whereas the Tubes B C will fuflain 
Columns, whofe lengths are equal to G H. 

Tho’ thefe Experiments feern to be conclufive, vet 
it may not be improper to prevent an Objection, which 
naturally prefents it fclf, and which at firft view may 
be thought fufficient to overturn our Theory. 

Fig. For fince a Periphery of the Tube E D is 
able to fuflain no more than a Column of the 
length A F, contain’d in the fame Tube; how comes 
it to fuflain a Column of the fame length in the wider 
Tube D C, which is as mt\ch greater than the former, 
as the SeCiion of the wider Tube exceeds that of the 
narrower ? 

Fig. 6 Again, if a Periphery of the wider Tube 
D C be able to fuflain a Column of Water in the fame 
Tube, of the length £<?; why will it fupport no more 
than a Column of the fame length in the narrower 
Tube E D i 



( 7A* ) 

Which (Queries may likewise bs made with regard 
to the nth and 12th Experiments. 

The anfwer is eafy, for the Moments Of thofe two 
Columns of Water are prccifely the lame, as if the fu- 
ftaining Tubes B D and C D, were continued down to 
the Surface of the ftagnant Water A B ; fuuce die velo¬ 
cities of the Water, where thole Column? grow wider, or 
narrower, are to the velocities a t the attracting Periphe¬ 
ries, reciprocally as the different Sections of the Ccr* 
iumns. 

fig. 9. Exp. 13. From which confide ration arifes 
this remarkable Paradox. That a Veflcl being , iven of 
whatfoever Form, as A.B C, and containing any afiigna 
ble quantity of Water, how great foever; that whole 
quantity of Water may be fulpended above the Level, 
if the upper part of the Veflel C be drawn out into a 
capillary Tube of a fufficient finenefs. 

But whether this Experiment will furceed, when the 
height of the Vefiel is greater than that, to which 
Water will be rais’d by the preiTure of the Atmofphcre, 
and how far it will be alter’d by a Fac.itm, I may 
perhaps have the honour of giving an account to the 
Society Lome other time, not being .perfectly fatisfy’d 
with thofe Tryals which I have hitherto' had the oppor¬ 
tunity of making. 

Having difcovcr’d the caufe of the fufpenfion of Vila- 
ter in capillary Tubes, it will not be difficult to 
account for the feemingiy fpontaneous afeent of it. For, 
fince the Water, that enters a capillary Tube as (bon 
as it's Orifice is dipt therein, has it’s gravity taken ofF 
by the attraction of the Periphery with which it’s up* 
per Surface is in contact, ic muff naceilariiy rife high¬ 
er, partly by the preflare of the fiagnant Water, and 
partly by the attraction of the Periphery immediately 
above that, which is already contiguous to ic. 
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Tt might now be Ihown, how naturally the various, 
and feemingly contrary appearances of the above 
mention’d Experiments are deducible from this Theory 5 
but this is fo eafy, that it is need id's to infill upon it $ 
and our difcourfe upon this minute Subjedt has been 
already fo tedious, that we could fcarce hope for Pardon, 
unlefs it were dire&ed to thofe, who are fenfible to 
how many of the greater, and more confiderable, Phe¬ 
nomena of Nature this Dodtrine is applicable. 

P S' When this Paper was reading before the So¬ 
ciety, I found that our incomparable Prefident was 
already acquainted with the above-mentioned Principle, 
and I have lince met with feveral Paflages in the 31ft 
Query fubjoin’d to the late Edition of his Optich 
which plainly fhew, that he was Mallet of it, when 
they were written. 

1 mud do the fame Jullice to that excellent Mathema¬ 
tician Mr. John Machin, Profefloi of Allronomy in 
Greflwm College. 

To thefe two worthy Perfons I am obliged For the 
following Obfervation, That, what I call a Periphery, 
or Sediion of the concave furface of the Tube, is really 
a fmall Surface, whole Bafe is that Periphery, and 
whole height is the diltance, to which the attra&ive 
power of the Glals is extended- 
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